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PORPHYRIN LABELING OP POLYNUCLEOTIDES 

P^ELD OP THE INVENTION 

This invention pertains to the field of porphyrin labeled, 
nucleosides, porphyrin labeled nucleotides, porphyrin labeled 
oligonucleotides, porphyrin labeled polynucleotides, and 
methods for the synthesis and use of these compounds. 

BACKGROUND OP THE INVENTION 

Nucleic acid hybridization with a labeled probe is the 
predominant method of detecting the presence of a 
complementary target sequence in a complex nucleic acid 
mixture. Several labels useful for incorporation into 
polynucleotide probes have been described in the prior art. 

To date, the most commonly used labels have been 
radioisotopes such as 32 P, 35 S, 3 H, i4 C, and 125 I . Details on the 
preparation and use of isotopically labeled probes are 
available in Sambrook et al . , Molecular Cloning Manual , 2nd 
ed. , Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York (1989) and Ausubel et al . , Current Protocols in Molecular 
Biology , John Wiley & Sons, New York (1987) (continually 
updated) . Isotopic labels' primary advantage is sensitivity. 
For example, probes labeled with 125 I have been detected at 
levels as low as 1.6 attomole (1.6 x 10' u mol) , Langdale and 
Malcolm, Gene 36:201 (1985). 

However, despite this sensitivity advantage, isotopic 
labels suffer from numerous disadvantages. For example, the 
sensitive detection of a signal typically requires very long 
autoradiograph exposure times. Methodology employing 
radiolabels is time consuming, labor intensive, expensive, and 
hazardous. Additional disadvantages of isotopic labels 
include the short half -life of the most commonly used isotope, 
32 P (t^ - 14.3 days), necessitating frequent preparations of 
probes. The shelf -life of radiolabeled probes is also reduced 
by self-destruction induced by the radiolabel. 

To overcome the shortcomings of isotopic labels, non- 
isotopic labels have been developed and they have been 
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described in the literature. Non-isotopic labels are 
characterized as being either direct or indirect. Direct 
labels act as reporter groups by generating a detectable 
signal. Indirect labels do -not generate signals, and must be 
coupled with a second moiety that bears a signal -generating 
reporter group. 

The most commonly used direct non-isotopic labels are 
fluorophores such as fluorescein and rhodamine . The ability 
to attach fluorescent dyes to different probe molecules allows 
the simultaneous detection of hybridization or biosynthetic 
products involving more than one probe. Both automated 
fluorescent DNA sequencing and restriction endonuclease 
fingerprinting have been carried out using fluorophores. See, 
e.g. Prober et al. r Science 233 : 336 (1987); Smith et ai., 
Nature 32_1:674 (1986) . 

While safe and convenient to use, direct labels such as 
fluorophores suffer from sensitivity problems due in part to 
high background from intrinsic fluorescence in the sample. 
Additionally, fluorescence energy transfer (quenching) can 
reduce signal intensity. Although schemes have been developed 
to increase the sensitivity of fluorophores, e.g. delaying 
fluorescence with europium or terbium attached to proteins 
through chelators, Dahlen, Anal. Biochem. 164:78 (1987) , these 
methods have not attained widespread use and require difficult 
manipulations . 

Indirect labels incorporated into polynucleotide probes 
must be detected following binding of the label to a signal 
generating system. Biotin labels are the most widely used 
indirect labels. Following incorporation of biotin into a 
polynucleotide probe, biotin is usually detected by bringing 
the biotin into contact with avidin or streptavidin that is 
covalently linked to a reporter group such as an enzyme, 
fluorescent moiety, or luminescent moiety. Enzyme labels 
provide the most sensitive non-isotopic signals due to the 
amplification provided by the enzyme. 

The most commonly used avidin or streptavidin linked 
reporter groups are the enzymes alkaline phosphatase and 
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horseradish peroxidase. Renz and Kurz, Nucl . Ac ids Res . 
12:3435 (1984) and Jablonski et al., Nucl. Acids Res. 1£:6115 
(1986)/ Jablonski etal., Nucl, Acids Res. 14:6115 (1986). 
Horseradish peroxidase and alkaline phosphatase have also been 
directly attached to probes for an assay using luminol, H 2 0 a , 
and either para-iodophenol or hydroxycinnamic acid, Pollard- 
Knight et al., Anal. Biochem. 185 :84 (1990), to produce a 
chemiluminescent signal . 

The chemi luminescent labels isoluminol and acridinium 
have been directly attached to probes, Urdea et al . , Nucl . 
Acids Res. i£:4937 (1988) and Septak, J. Biolumin. Chemilumin. 
4:357 (1989). However, the sensitivity of these labels was 
lower than that achieved by enzyme reporters. The directly 
attached isoluminol and acridinium produced a chemiluminescent 
signal limited to one photon per reporter group, see Urdea et 
al . , Nucl . Acids Res . 16:4937 (1988). Indirect detection of 
the directly attached chemiluminescent substrates with 
alkaline phosphatase following blotting produced a signal 
sufficiently sensitive to substitute for radiolabels in DNA 
sequencing, see Tizard et al . , Proc. Natl. Acad. Sci . USA 
87:4514 (1990) . 

Although indirect detection schemes involving enzymes can 
be as sensitive as direct isotopic labels, the methods are 
time consuming and labor intensive. These methods typically 
involve blocking, reaction with a reporter conjugate and 
washing steps that require labor intensive manipulations. 
Additionally, enzymes may not be stable to the high 
temperatures often used in hybridization assays. 

Accordingly, there continues to exist a need for safe, 
simple, non- isotopic labeling methods and reagents to directly 
label polynucleotide probes that have sensitivity levels 
comparable to those achieved with direct radiolabels or 
indirect enzyme-based labels. 

The present invention overcomes limitations inherent in 
previously used labeling methods and reagents. The present 
invention involves porphyrin labeled nucleotides (and 
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structurally related molecules) useful to directly label 
polynucleotides with a porphyrin reporter moiety . 

Porphyrins, a class of small molecules that have the 
capability to act as catalytic centers, have long been used as 
catalysts for oxidation reactions in organic synthesis. 
Porphyrins are analogs of the prosthetic group of heme- 
containing enzymes that selectively catalyze various 
biological oxidation reactions. 

Examples can be found in the literature where porphyrin 
moieties have been associated with DNA. See, e.g. Meunier, 
Chem . Rev . 12:1411 (1992) and references cited therein; Le 
Doan et al . , Nucl . Acids Res, 11:8643 (1987); and Le Doan et 
al . , Biocor.iuaate Chem. 1, 108 (1990). In these procedures, 
porphyrin-modif ied polynucleotides were prepared for the 
purpose of modifying (e.g. cleaving) adjacent DNA strands 
after hybridizing the labeled polynucleotides to complementary 
DNA. Ci et al . , Anal. Chem. Acta 282 :695 (1993) studied the 
interactions of porphyrin with nucleic acids. However, this 
study involved non-covalent interactions between the 
porphyrins and the DNA, and did not involve polynucleotide 
probes labeled with porphyrin as a reporter group. In these 
cases the porphyrin moiety was not used for detection, and no 
report was made of a porphyrin- labeled mononucleotide. 
Several publications describe cationic porphyrins covalently 
linked to the termini of polynucleotides in order to induce 
cleavage of a polynucleotide, e.g. Le Doan, et al . , 
Biochemistry . 25:6736-6739 (1986), Le Doan, et al . , Nucl. Ac. 
Res . 15:8643-8659 (1987), Casas, et al . , Biconiuaate Chem. 
4:366-371 (1993). 

Porphyrins have been used as a signal source in antibody 
immunoassays. For example, U.S. Patent No. 4,375,972 to 
Forgioue et al . describes a method whereby antibodies and 
antigens present in small amounts in body fluids are detected 
and quantified with an antibody-porphyrin conjugate. U.S. 
Patent 4,614,723 describes the direct detection of porphyrin- 
labeled antibodies. Motsenbocker et al., Anal . Chem 6$ :397 
(1993) describes a porphyrin chemiluminescence system that is 
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said to be applicable in immunoassays. However, none of these 
publications discloses the use of porphyrin labeled 
nucleotides to label polynucleotide probes. 

Porphyrins make ideal non- isotopic polynucleotide labels 
for several reasons. These reasons include (l) the porphyrin 
moiety can catalyze certain chemical reactions (e.g. the 
oxidation of chemiluminescent substrates such as luminol) , 
making it functionally similar to a reporter enzyme such as 
horseradish peroxidase; (2) the porphyrin moiety is relatively 
small in size (mol wt . ~ lKd) , and when attached to a 
nucleotide does not unduly perturb the nucleotide structure, 
allowing it to be incorporated into nascent polynucleotides by 
polymerases, and to act as a substrate for other nucleotide- 
dependent enzymes; (3) porphyrin labels are more stable than 
commonly used isotopic labels such as i3 P, obviating the need 
for frequent probe preparation; (4) porphyrin labels are 
stable to the high temperatures often used in hybridizations; 
and (5) porphyrin labels do not induce probe degradation to 
the same extent that isotopic labels induce degradation. 

The present invention provides, for the first time, 
porphyrin labeled nucleosides, nucleotides, oligonucleotides, 
polynucleotides and various derivatives thereof. The 
compositions and methods of the present invention provide 
numerous benefits over previously used techniques for labeling 
polynucleotides and can be advantageously substituted for 
previously used labels and labeling methods. 

SUMMARY OF THE INVENTION 

The present invention provides various porphyrin labeled 
compounds and reagents for labeling molecules with porphyrins. 
The porphyrin labeled compounds include porphyrin labeled 
nucleosides, nucleotides, polynucleotides and the like. The 
porphyrin labeled compounds of the invention are designed so 
that the porphyrin moiety on the labeled compound may be 
detected on the basis of a reaction product produced by a 
porphyrin catalyzed oxidation of a porphyrin detection 
reagent. The oxidation of the porphyrin detection reagent may 
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result in the formation of light, i.e., a chemi luminescent 
reaction, or a colored compound, i.e., a colorimetric 



One aspect of the invention is to provide compounds 
having the general structure of: 



The terms phos and (phos) n , wherein n is 0-5, and phos 
may be any of a variety of moieties selected from the group 
consisting of phosphate, phosphorothioates, phosphonates , or 
structures represented by the formula 



\ OH / 

and Y is selected from the group consisting of 0, S, CH 2 -, 
CF 2 - and NH- . 

Preferred porphyrin labeled compounds provided by the 
invention include porphyrin labeled mononucleotides {and the 
corresponding ribonucleotides) such as Mn 
tetraJcis (carboxyphenyl) porphyrin- 12 -dUTP, Mn- 
tris (sulf onatophenyl) - (carboxyphenyl) porphyrin- 12 -dUTP, Mn- 
tris (sulf onatophenyl ) -carboxyphenyl porphyrin- 24 -dUTP, Mn-tris 
(sulf onatophenyl) -carboxphenyl porphyrin- 12 -ddUTP, Mn- tris 
(sulf onatophenyl) -carboxyphenyl porphyrin- 24 -ddUTP and Mn- 
tris {sulf onatophenyl) -carboxyphenyl porphyrin- 12 -dCTP, 
However, those skilled in the art will appreciate that 
numerous variants of the preferred compounds may be 
synthesized including, for example, changes in the metal ion, 
the linker, the base, the porphyrin and substituents thereof. 

. Another aspect of the invention is to provide methods of 
labeling polynucleotides by covalently attaching a porphyrin 
to a polynucleotide. The labeling methods described herein 
include labeling through enzymatic synthesis of 
polynucleotides with porphyrin labeled polynucleotide 
precursors, e.g. porphyrin labeled nucleoside triphosphates, 
the direct chemical synthesis of porphyrin labeled 



reaction. 



porphyrin- linker-base -sugar- (phos) n -OH 



(I) 



-Y-P- wherein X is O or S, 
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polynucleotides, and the mixing of polynucleotides with 
porphyrin labeling reagents. 

Another aspect of the invention is to provide methods of 
detecting a polynucleotide of interest. Certain 
polynucleotide detection methods of the invention comprise the 
step of adding a porphyrin detection reagent so as to detect 
porphyrin labeled polynucleotides, preferably by a chemical 
reaction catalyzed by porphyrin moieties. The detection 
methods of the invention may further comprise the step of 
performing a nucleic acid hybridization with a porphyrin 
labeled polynucleotide capable of hybridizing to a 
polynucleotide target of interest. The hybridization step of 
the polymerase chain reaction (PCR) , i.e., the annealing step, 
may be adapted so as to employ porphyrin labeled primers for 
incorporation into the PCR amplification product. 

Another aspect of the invention is to provide kits for 
producing porphyrin labeled polynucleotides. Such kits may 
include one or more of the following items: porphyrin labeled 
nucleotides of the invention, nucleoside triphosphates, 
enzymes having nucleotide polymerase activity, buffers, 
porphyrin detection reagents, and porphyrin labeled 
polynucleotide molecular weight standards. Similarly, another 
aspect of the invention is to provide kits for detecting the 
presence of polynucleotides of interest by using a porphyrin 
labeled polynucleotide. 

DESCRIPTION OP THE SPECIFIC EMBODIMENTS 
Definitions 

The term "nucleoside," as used herein, refers to a 
compound comprising a purine or pyrimidine base (or analog 
thereof) covalently joined to a 5 carbon cyclic sugar 
(furanose) , e.g. ribose, 2 ' -deoxyribose , and 2' ,3' - 
dideoxyribose . 

The term "nucleotide," as used herein, refers to 
compounds comprising a nucleoside covalently joined to a 
phosphate moiety or functional equivalent thereof. 
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The term "polynucleotide, " as used herein, refers to 
polymers comprising two or more nucleoside moieties, wherein 
each nucleoside moiety is joined to one (terminal) or two 
(internal) other nucleoside moieties through phosphate 
linkages, peptide linkages, phosphonate linkages, 
phosphorothioate linkages, and the like. RNA and DNA are 
examples of polynucleotides. The term "polynucleotide", as 
used herein, unless explicitly noted otherwise, refers to 
molecules comprising a plurality of nucleosides joined by one 
of a variety of linkages, phosphate, or otherwise so as to 
maintain the spatial relationship between bases present in a 
naturally occurring polynucleotide. 

The term "oligonucleotide" , as used herein, refers to 
relatively small polynucleotides, e.g., polynucleotides of 
between 2 and about 35 base pairs in length. 

THE INVENTION 

The invention described herein provides numerous 
different porphyrin labeled nucleosides, porphyrin labeled 
nucleotides or porphyrin labeled polynucleotides and various 
structurally related molecules. The porphyrin label may be 
detected by chemiluminescent or colorimetric reactions 
catalyzed by the porphyrin label. The novel porphyrin labeled 
compounds provided herein may have a variety of structures 
such as DNA, RNA, and non-naturally occurring polynucleotide 
derivatives such as PNAs {peptide nucleic acids) , 
phosphonates , phosphorothioates, and the like. 

The invention provides numerous embodiments of porphyrin 
labeled nucleosides, porphyrin labeled nucleotides, and 
porphyrin labeled polynucleotides, comprising a porphyrin 
labeled nucleoside moiety having the structure represented by 
the following formula: 

porphyrin-linker-base-sugar- (phos) n -OH (I) 

Thus compounds of formula I comprise five moieties, (1) 
porphyrin, (2) a linker, (3) a base, (4) a sugar and (5) 
(phos) n/ wherein n is 0-5. The hyphens in formula (I) 
represent covalent linkages between the indicated moieties. 
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The exact site of the linkage may vary with the identity of 
the structure of the particular moiety. 

The "sugar" moiety of the compound of formula (I) 
corresponds to a carbohydrate that may serve the structural 
and chemical functions of a nucleoside sugar such as ribose, 
deoxyribose, acyclic analogs of ribose and deoxyribose, 
carbocyclic analogs of ribose and deoxyribose, cyclic analogs 
of ribose and deoxyribose having extra heteroatoms, e.g., 
dioxolane, dithiolane, and oxathiolane derivatives, and the 
like. 

The " (phos) n M moiety may be any of a variety of moieties 
selected from the group consisting of phosphate, 
phosphorothioates , phosphonates , or structures represented by 
the formula 
X 

/ II i 

-Y-P- wherein X is 0 or S, 
I 

OH / 

and Y is selected from the group consisting of 0, S, CH 2 -, 
CF 2 - and NH- . The "(phos) n " moiety is covalently linked to 
the sugar moiety in such a way as to be structurally 
equivalent to the native structure of nucleic acids, i.e., 
structurally equivalent to attachment of the phosphate group 
to the 5' position of the furanose ring. The term n 
indicates that 0 to 5 (phos) moiety subunits may be present. 
When "n" is 0, the (phos) moiety is absent. 

The "base" moiety of the compound of formula (I) 
corresponds to a heterocyclic nucleotide base found in 
naturally occurring nucleic acids such as adenine, cytosine, 
hypoxanthine, uracil, thymine, guanine and analogs thereof, 
including non-naturally occurring bases that are capable of 
forming base-pairing relationships with naturally occurring 
nucleotide bases. Such non-naturally occurring heterocyclic 
bases include, but are not limited to, aza and deaza 
pyrimidine analogs, aza and deaza purine analogs as well as 
other heterocyclic base analogs, wherein one or more of the 
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carbon and nitrogen atoms of the purine and pyrimidine rings 
have been substituted by heteroatoms, e.g. oxygen, sulfur, 
seienium, phosphorus, and the like. Additionally, other 
heterocyclic ring systems include 7 -deazapurine analogs, e.g. 

7- deazaadenine, 7-deazaguanine, and 7-deazahypoxanthine ; 9- 
deazapurine analogs, e.g. 9-deazaadenine, 9-deazaguanine, and 
9-deazahypoxanthine ; 8-azapurine analogs, e.g. 8-azaadenine, 

8- azaguanine, and 8-azahypoxanthine , 5-azapyrimidines (1, 3, 
5-triazines) , e.g. 5-azacytosine , 5 -azathymine , and 5- 
azauracil, 6 -azapyrimidines (1; 2, 4 triazines) , e.g. 6- 
azacytosine, 6 -azathymine , and 6-azauracil; dideaza- 
heterocyclic base analogs, e.g. 8 aza-7-deazapurines 
(pyrazolo- [3 , 4-d] pyrimidines) , amino- imidazole carboxamide, 
appropriately derivatized 1, 2, 4-triazoles, thiazoles; 
selenazoles; methylated base analogs, e.g. 5 methylcy tosine , 
and the like. Other examples of non- naturally occurring bases 
that may serve as the base in the compound of formula I 
include: 5-f luorouracil , 5-bromouracil , 5-chlorouracil , 5- 
iodouracil, 5- (carboxyhydroxylmethyl) uracil, 5- 
carboxymethylaminomethyl - 2 - thiouridine , 5- 

carboxyTnethylaminomethyluracil , methylpseudouracil , N2 , N2- 
dimethyl guanine , 2 -methyl adenine , 2 -methylguanine , 4 - N- 
me thy Icy tosine , 5 -methylcy tosine , N6 -methyl adenine , 5 - 
me thylaminomethyl uracil , 5 -methoxyaminomethyl-2- thiouracil , 
5 ' -methoxycarbonylmethyluracil , uracil -5-oxyacetic acid (v) , 
pseudouracil , 2-thiocytosine, 2 -thiouracil , 4-thiouracil, 5- 
methyluracil , and 2, 6-diaminopurine . Preferred base moieties 
are those bases that may be incorporated into one strand of 
double-stranded polynucleotides so as to maintain a base 
pairing structural relationship with a naturally occurring 
base on the complementary strand at the double-stranded 
polynucleotide. Suitable bases contain a site for attachment 
to the linker, such that the linker does not substantially 
interfere with base pairing relationships or function of the 
enzyme selected for use in the given method. Preferred 
embodiments of the invention include compounds where the 
linker moiety is attached at position C-5, C-6, or N-4 of 
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pyrimidine bases, at position C-8, N-6, or N-2 a£ purine 
bases, and at positions C-8, C-7, N-6, or N-2 of deazapurines . 

The three dimensional structure of double-stranded 
polynucleotides is very well understood. A person skilled in 
the art could readily select suitable base moieties- for the 
compound of formula I. Accordingly f the person skilled in the 
art may readily select base moieties that are functionally 
equivalent to naturally occurring polynucleotide bases and at 
the same time a suitable site for attachment of the linker. 
The heterocyclic base is joined to the sugar through a 
covalent glycosidic linkage. 

The "linker" moiety of the compound of formula (I) 
corresponds to an essentially linear molecule of variable 
length that serves to join the heterocyclic base moiety to a 
porphyrin moiety. Additionally , the linker functions as a 
spacer so as to position the porphyrin moiety a sufficient 
distance from the other portions of the molecule in order to 
avoid steric hinderance problems. The linker may consist of 
any of a variety of structures. The linker may vary 
considerably in length. Preferably, the backbone of the 
linker (the straight chain portion) contains 1 to 50 atoms. 
Suitable linkers for use in the invention include linkers as 
described in U.S. Patents 5,047,519 and 5,151,507. Other 
suitable linkers include moieties having the structure: 
•CH 2 -(CH r CH 2 ) v .CH 2 -NHC(OH}-. ^.(CHj.CH^^CHj-aOVNH-QOHJ., 
-S-CH 2 C(0)-Ch .S-CH 2 CH 2 NH-C(0>Q-. -0-CH 2 C<0)-O, -0-CH 2 CH 2 NH-C(0)*Q- t 

0 O 
M tt (I H 

-NH-CCH^NH-CfOH}-, -CH-CH-CHj-N-C-CK -CHsCH-C-N-O-, 

_ O 
OH H N II 

-CH*CH-CVO-CH,-CH-CHj-N-C-0- • -C«C-CH,-N-C-Q- 

v - 0.1 A3 

Q - -NHfCH^sNH-, -NH-CCH^-NH, -(CH^jNH-, 
- -(CH 2 > 2 -C(0>-NH-{CH 2 >3-O-(CH 2 ) 2 -O-(CH 2 ) a -O-(CH 1 >3-NH-, 

« -NH-[(CH2)2-0-] w -(CH^2-NH-, w-U.4,5 
. -(CH^ C(0>NH-[(CH^2-0] W -NH-, w- 2,3,4,5 
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However, one skilled in the art having the benefit of 
this disclosure will appreciate that many alternative linker 
structures may be utilized in the invention, provided they are 
able to join a given porphyrin to the other portions of the 
molecule according to formula I without substantially 
interfering with base pairing relationships or function of the 
enzyme selected for use in the given method. 

The "porphyrin" moiety of the compound of formula (I) may 
be any of a number of molecules having a porphyrin structure 
(e.g. substituted porphines or phthalocyanines) that are 
capable of complexation of with metal ions. Unless indicated 
otherwise, the term "porphyrin" as used herein refers to both 
porphyrins and the corresponding metal porphyrins. Details on 
the synthesis of individual porphyrin molecules can be found 
by consulting the chemical literature, e.g. chemical abstracts 
and comprehensive treatises such as The Porphyrins (Volumes 1- 
7), D. Dolphin Ed. (Academic Press, New York, 1978). The 
porphyrin moiety on the compound of formula I preferably 
contains phenyl groups attached to each of the four meso 
positions, more preferably, each phenyl ring is substituted 
with electron-withdrawing groups, such as sulfate groups, 
carboxylate groups, and the like. The porphyrin moiety has 
the general formula: 
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M = Mn. Fc, Zn, Co, Ni. Cu, Cr, (as coordinated metal ions). 

R,-R r =H. CH,.(CH,) 0 CH,. -CH=CH,, n = l-6 

= -CH,CH=CH," -CH,-COOH.CH,CH,COOH.CH(OH)CH 3 
= -CH^CH,C(0")Q. •CH,CH,C(0)NH-(CH,) D -imidazole, n = 1-6. 
= Br. CI. F. S0 3 H. COOH. NO, . NH-C(0)-Q. 

R, =. R 3 = R 8 = R u = aryl, substituted aryl 



R, 3 - R 17 = H. Br. CI. F. S0 3 H, CO,H. NO,. C(0)-Q-. 

= NH-C(0)-Q-. -C(0)-(CH,) a -imidazole, NH-C(OMCH,) n -imidazole 
= NH-T. T = -(CH,) B CH 3 . -(CH,) D -imidazole. n=l-6 

A = -(CHO m , -(Cr^CH-),,. -(CHC-) m . m = 0. 1. 2, 3 



Q = -NH(CH,) 6 NH-. -NH-(CH 2 >,-NH, -(CH 2 ) 5 NH-. 
= -(CHj^-CtO-NH-tCH^-fXCH^-O-CCH^-O-CCH^j-NH- . 



= structures 7, 8 




G = -(CH2) D1 -CH 3 . -(CH 2 ) m -Q- 



m = 0. 1.2,3 



= -NH-I(CH : ) r O-U-(CH : )2-NH-, 



w= 23,4.5 



= -(CH 2 ); C(0)-NH-l(CH : ) r O^-NH-, 



w = 23.4.5 
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When the <phos) n moiety of the compound of formula (I) is 
a triphosphate, preferred embodiments of the compound of 
formula (I) have the structure: 




1 iVt # .-v<v5(cartcxypner.yOD0r^./rin- 1 2*dUTP 
(K = COOH, X,Y - OH, 0 = -ICH : .) 5 -NH-) 

2 Mn- t r/s (sulfonatophenyU-carboxyohenyl 
oorpnynn- 1 2-dUTP (R = 50 ? H, X,Y - OH, Q - -CCH 2 ) S -NH-). 

3 Mn-//-/5(sulfonatophenyl)-carooxyphenyl 
Doronynn-24-dUTP (R - S0 : H, X,Y * OH, 

0 = -NHC(0)(CH : ) 2 CCO)NH(CH : ),0(CH : .) : .0(CH : .) ? 0(CH 2 ) : )NH-) 

A Mn-/r/5(Sulfonatophenyl)-cart)OxyDheny1 

DCronynn- 1 2-0dUTP (R = S0 3 H, X = H, Y - OH, 0 « -(CH : .) 5 -NH-). 

5 Mn- //-/*(sulfona:oDheny1)-carDoxyphenyi 
DorDhynn-24-dUTP (R = S0 3 H, X = H, Y - OH, 

0 = -NHC(0)(CH : ) : X(0)NH(CH : ) 3 0(CH : ) : 0(CH : ) : 0(CH-) : )NH-) 

6 Mn- Ar/5(sulfonatopheny1)-carboxypheny I 

porphyrin- 1 2-OCTP (R « S0 3 H, X ■ OH, Y = NH ? , 0 * -(CH0 5 -NH-) 

Additional preferred embodiments include the 
corresponding adenosine and guanosine analogs. The compounds 
of formula I may be made using organic synthesis techniques 
well known to the person of ordinary skill in the art. By 
referring to the working examples provided herein, and also by 
referring to well known techniques in organic chemistry, the 
person of ordinary skill in the art may produce numerous 
variants of the exemplified compounds. 

The invention also provides for various compounds that 
comprise a porphyrin labeled nucleoside moiety of formula (I) 
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such as nucleoside phosphoramidites, nucleoside triphosphates, 
polynucleotides, and the like. The compounds of the invention 
include porphyrin labeled nucleoside derivatives adapted for 
use in solid phase polynucleotide synthesis, e.g. 
phosphoramidite derivatives. A description of 
phosphoramidites, their synthesis, and use in polynucleotide 
synthesis can be found, among other places, in 
Oligonucleotides and Analogues: A Practical Approach , ed. 
Eckstein, IRL Press, Oxford (1992) . 

The invention also provides various porphyrin labeled 
polynucleotides that comprise as part of their structure at 
least one of the porphyrin labeled compounds of formula (I) 
and a second nucleoside moiety {either unlabeled or labeled 
with porphyrins) joined by linkages such as a phosphate 
linkage (as in naturally occurring polynucleotides) , 
phosphorothioate linkages, peptide linkages (as in PNAs) , 
phosphonate linkages, and the like. These various linkages 
are represented, in part, by the "phos" moiety in the 
compounds of formula I. The linkages between individual 
nucleoside moieties in the porphyrin labeled polynucleotides 
of the invention are selected so as to maintain a spatial 
relationship between the bases Suitable to allow base pair 
formation in a double- stranded polynucleotide. The porphyrin 
labeled polynucleotides of the invention may be of virtually 
any length. 

The porphyrin labeled polynucleotides of the invention 
are useful in a variety of applications, in particular, as 
hybridization probes for the detection of polynucleotides of 
interest. Polynucleotides of interest for detection by 
porphyrin labeled hybridization probes include virtually any 
polynucleotide that is suitable for detection with 
conventional polynucleotides, i.e., isotopically labeled 
polynucleotides. Among the many other uses of porphyrin 
labeled polynucleotides are as signal sources in DNA 
footprinting studies, DNA gel shift assays, detection of DNA 
sequencing ladders, and for detecting PCR amplification 
products . 
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The porphyrin labeled polynucleotides of the invention 
may be conveniently produced by incorporating one or more 
porphyrin labeled nucleotides, e.g. compounds of formula I 
wherein (phos}„ represents a triphosphate, into 
polynucleotides produced by a polymerase mediated synthesis 
reaction. As with conventional nucleoside triphosphates, the 
porphyrin labeled nucleoside triphosphates of the invention 
may be readily incorporated into polynucleotides of varying 
lengths by enzymatic reactions that are well known to the 
person of ordinary skill in the art. 

For example, polynucleotide probes can be labeled by a 
porphyrin at many bases within a polynucleotide by 
incorporating the porphyrin labeled nucleosides of the present 
invention into a polynucleotide during the process of 
synthesis of the polynucleotide. The porphyrin labeled 
polynucleotide may be synthesized by a variety of techniques 
that are also useful for incorporating nucleotides, via 
nucleoside triphosphate intermediates, into polynucleotides. 
These techniques are well known to the person of ordinary 
skill in the art of molecular biology. These techniques 
include nick translation, as described in Rigby et al. t iL 
Mol, Biol. 113:237 (1977), incorporated herein by reference; 
random priming as described in Feinberg and Vogelstein, Anal . 
Biochem. 132:6 (1983) and Feinberg and Vogelstein, Anal . 
Biochem. 227:266 (1984), incorporated herein by reference; and 
PCR (polymerase chain reaction) as described in Saiki et al. 
Science 239 :487 (1988); Langer eta!., Proc. Natl. Acad. Sci. 
USA. 78:6633 (1981); and Day et al., Biochem. J. 267:119 
(1990), incorporated herein by reference. 

Porphyrin labeled polynucleotide probes may also be 
prepared by primer extension from a single-stranded DNA 
template, e.g. M13, by run-off polymerization or asymmetric 
PCR using Taq £>HA Polymerase as described in Sturzl and Roth, 
Anal. Biochem. 185:164 (1990), incorporated herein by 
reference. 

Similarly, porphyrin labeled RNA probes may be produced 
that are labeled at many base positions by incorporating the 
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porphyrin labeled nucleotides of the present invention by in 
vitro transcription as described in Green et ah, Cell 32:681 
(1983); Tabor and Richardson, Proc, Natl. Acad. Sci . USA 
£2:1074 (1985); and Langer et al . , proc. Natl Acad. Sci. USA 
78:6633 (1981) f incorporated herein by reference. 

The porphyrin labeled nucleotides of the invention may 
also be used for labeling in the reactions in which the 3'- 
end(s) of double stranded DNA may be labeled by filling in 
with £. coli DNA polymerase I (Klenow fragment), as described 
in Langer et al . , Proc. Natl. Acad. Sci. USA 78:6633 (1981) 
and Delius et al . , Nucl . Acids Res . 13:5457 (1985), 
incorporated herein by reference, or by replacement synthesis 
using T4 DNA polymerase as described in Langer et al . , supra. 

The porphyrin labeled nucleotides of the invention may be 
used for labeling in the reactions in which the 3 '-end of a 
polynucleotide may be labeled with terminal transferase, as 
described in Kumar et al . , Anal. Biochem. 169:376 (1988), 
incorporated herein by reference. The porphyrin labeled 
nucleotides of the invention may also be used to terminate 
chain elongation when a 3 ' hydroxyl group is missing from the 
sugar on the nucleotides as described in Prober et al . , 
Science 238 :336 (1987), incorporated herein by reference. 

In addition to providing for the enzymatically mediated 
synthesis of porphyrin labeled polynucleotides, the porphyrin 
labeled polynucleotides of the invention may also be produced 
by chemical labelling methods. For example, porphyrin labeled 
polynucleotides may be produced by (1) reacting a porphyrin 
analog, e.g., an activated ester, with a polynucleotide that 
has been modified to contain a reactive amine or thiol group, 
or (2) by use of a porphyrin labeled phosphoramidite reagent 
in solid phase synthesis of polynucleotides (such solid phase 
synthesis may be automated) . 

While these examples illustrate the many uses of the 
porphyrin labeled nucleosides and polynucleotides of the 
present invention, the person of ordinary skill in the art 
will appreciate that virtually any method that involves 
chemical or enzymatic incorporation of nucleosides, 
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deoxynucleoside triphosphates, and analogs thereof, can be 
used to incorporate the porphyrin labeled nucleosides of the 
present invention into polynucleotides. 

The amount of porphyrin label incorporated into a 
porphyrin labeled polynucleotide of the invention synthesized 
enzymatically may be conveniently controlled by varying the 
number of polynucleotide precursors that are labeled with 
porphyrins. For example, a porphyrin labeled polynucleotide 
synthesized from a template by a polymerase catalyzed 
polymerization reaction may contain more porphyrins when two 
of the nucleotide precursors, e.g. dCTP and the TTP, are 
porphyrin labeled compounds of the invention, than when only 
one of the polynucleotide precursors is a porphyrin labeled 
compound of Che invention. Additionally, the desired number 
of porphyrins on a given polynucleotide may be attained by 
performing a polynucleotide synthesis reaction using a mixture 
of porphyrin labeled polynucleotide precursors, e.g. porphyrin 
labeled dCTP, and the corresponding unlabeled polynucleotide 
precursor, e.g. dCTP . 

The porphyrin moieties on a porphyrin labeled 
polynucleotide of the invention and, therefore, the attached 
polynucleotide, may be detected by chemiluminescent or 
colorimetric chemical reactions catalyzed by the porphyrin 
moiety, wherein the metal porphyrin acts to catalyze an 
oxidation reaction. The substrates for such reactions are 
referred to herein as "porphyrin detection reagents." The 
porphyrin catalyzed reactions in which the porphyrin detection 
reagent is oxidized are referred to herein as "porphyrin 
detection reactions." However, the porphyrin moiety can also 
be detected by porphyrin- specif ic immunoreagents, such as 
porphyrin -specific antibodies, or spectroscopically . 

The porphyrin moiety in the compounds of the invention 
may be any of a variety of different porphyrin molecules 
capable of acting as a catalyst to oxidize reactants so as to 
produce a detectable signal, such as in a chemiluminescent or 
colorimetric reaction. Chemiluminescent reactions catalyzed 
by metal porphyrins are described in Motsenbocker , et al . , 
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Anal. Chem. £&:397-402 (1993). The metal porphyrins described 
in Motsenbocker et al . are particularly preferred as porphyrin 
moieties in the compounds of formula (I) because , among other 
reasons, they can catalyze a porphyrin detection reaction in 
the absence of hydrogen peroxide. Other suitable porphyrin 
moieties and porphyrin detection reactions are described, 
among other places, in Saito et al . Chem. Pharm. Bulletin 
7:2885 (1986) . In order to determine whether a given 
porphyrin is suitable for use as a porphyrin moiety of the 
compounds of the invention, the porphyrin, corresponding 
porphyrin labeled nucleoside or corresponding porphyrin 
labeled polynucleotide, may be readily tested to determine if 
the particular porphyrin can catalyze the oxidation of 
reactants (porphyrin detection reagents) producing an easily 
detectable product such as light or a colored reaction 
product. Examples of such reactions and porphyrin detection 
reagents for these reactions are well known in the art. Such 
reactions include, for example, the chemiluminescent reactions 
of the type described in Motsenbocker, et al . supra t e.g. 
using luminol, isoluminol, and other cyclic hydrazides. 
Suitable compounds for use as porphyrin detection reagents 
include compounds having the formula: 



Other types of porphyrin detection reagents are compounds that 
produce a detectable colored reaction product when oxidized by 




K R * R * s H ' NH * Z «= H, alky! 




R* R S = H,NH2.NZ2 Z = H,alkyl 
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a metal porphyrin and include well known colorimetric 
substrates for peroxidase enzymes. These colorimetric 
substrates include, 3,3' -diaminobenzidine, 4-chloro-l- 
naphthol, and 3-amino-9-ethylcarbazole, and the like. 
Manganese is particularly preferred for use as the metal in 
the metal porphyrin when the detection reaction is a 
chemiluminescent reaction of the type described in 
Motsenbocker, et al . , supra. The methods of chemical 
synthesis of many porphyrins are known to the person of 
ordinary skill in the art of organic chemistry. 

When the porphyrin detection reagent is a substrate in a 
porphyrin catalyzed chemiluminescent reaction, the reaction 
preferably takes place in a high pH solution. Preferably the 
pH of the solution in which the chemiluminescent reaction 
takes place is about 13. The high pH of the solution causes 
the majority of luminol (or structurally related porphyrin 
detection reagents) to be in the dianionic state. The 
solution in which the chemiluminescent detection reaction 
takes place, i.e., the porphyrin detection solution, 
preferably contains Tween-20 or linoleic acid, as described in 
Motsenbocker et al . , supra. The Tween-20 and linoleic acid 
serve to increase the detectable chemiluminescent signal. In 
a preferred embodiment of the invention, potassium 
permanganate is heated and the resultant product is bubbled 
through a solution containing luminol, or a similar porphyrin 
detection reagent, so as to increase the sensitivity of the 
detection reaction. In an alternative preferred embodiment, 
potassium permanganate is directly added to the luminol 
solution . 

The subject invention also provides novel methods of 
detecting a polynucleotide of interest based upon 
hybridization with a polynucleotide probe, wherein the 
polynucleotide probe is a porphyrin labeled polynucleotide of 
the invention as previously described. The polynucleotide of 
interest may be detected by the presence of the porphyrin 
label in the polynucleotide hybridization probe specific for 
the polynucleotide of interest. Preferably, the porphyrin 
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labeled polynucleotide hybridization probe is detected on the 
basis of a detectable reaction product produced by an 
oxidation reaction catalyzed by the porphyrin moieties on the 
probe polynucleotide. 

Porphyrin labeled polynucleotides may be used to 
hybridize to complementary target polynucleotides in 
essentially the same manner as polynucleotide hybridization 
probes in conventional nucleic acid hybridization techniques. 
Nucleic acid hybridization techniques are well known to the 
person of ordinary skill in the art and detailed descriptions 
of these techniques can be found, for example, in Sambrook, et 
al . , Molecular Cloning. A Laboratory Manual, 2nd Edition , Cold 
Spring Harbor Press, Cold Spring Harbor (1989) . The porphyrin 
labeled polynucleotides of the invention may be substituted 
for conventional polynucleotides ( radioactiveiy labeled or 
otherwise) in standard hybridization methods so as to provide 
the methods for detecting polynucleotides of interest and 
methods for producing porphyrin labeled polynucleotides. 

Typically, the polynucleotide detection methods of the 
invention comprise the steps of mixing a porphyrin labeled 
polynucleotide of the invention with a composition suspected 
of containing a complementary polynucleotide of interest under 
nucleic acid hybridization conditions that permit the 
formation of duplexes between the porphyrin labeled 
polynucleotide and the polynucleotide of interest, i.e., the 
target . The duplexes are formed by hybridization at regions 
of homology between the porphyrin labeled polynucleotide probe 
and the polynucleotide of interest. The porphyrin labeled 
polynucleotide and, hence, the target polynucleotide of 
interest hybridized to the porphyrin labeled polynucleotide 
probe, may be detected by adding a porphyrin detection 
reagent. The porphyrin detection reagent then contacts the 
porphyrin moieties on the labeled polynucleotide, resulting in 
the oxidation of the reagent, which is catalyzed by the 
porphyrin on the labeled polynucleotide. The oxidation of the 
porphyrin detection reagent forms one or more detectable 
reaction products. Detectable reaction products include 
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colored compounds (in colorimetric reactions) and light (in 
chemiluminescent reactions) . The polynucleotide detection 
methods of the invention may further comprise the step of 
detecting the reaction product. The composition to be probed 
for the polynucleotide target of interest may take a variety 
of forms; however, the composition for analysis is preferably 
a composition consisting essentially of polynucleotides or 
proteins that bind to polynucleotides. The subject methods of 
detecting target polynucleotides of interest may be adapted to 
a variety of uses such as diagnosis, the detection of 
microbial contaminants, forensic uses, and the like. 

The porphyrin labeled polynucleotides of the invention 
may also be used as primers in primer mediated cyclic 
amplification techniques employing a hybridization step, such 
as the polymerase chain reaction, ligase chain reaction, and 
strand displacement amplification, Guatelli et al . , Proc . Nat. 
Acad. Sci. 87:1874-1878 (1990); Walker et al . , Nucl. Acids 
Res. 20:1691-1696 (1992), i.e., the labeled primer anneals 
(hybridizes) to the target sequence. For example, 
polynucleotides of interest may be detected by performing PCR 
(or similar amplification techniques) in which porphyrin 
labeled or unlabeled primer (s) are used to prime synthesis of 
a porphyrin labeled polynucleotide by incorporation of 
porphyrin labeled nucleotides. Alternatively, porphyrin 
labeled primer (s) are used to prime synthesis of a 
polynucleotide by incorporation of unlabeled nucleotides. The 
porphyrin labeled polynucleotide synthesized during 
amplification may be used to indicate the presence or absence 
of the polynucleotide of interest. 

The porphyrin labeled polynucleotides of the invention 
may also be used to detect DNA sequence information produced 
using Sanger- type sequencing technology. For example, 
porphyrin- labeled polynucleotides may be used as sequencing 
primers, or porphyrin labeled dideoxynucleotides may be used 
as chain elongation terminators. Bands of interest formed in 
the sequence gel (or other suitable separation means) may be 
detected by incubating the sequencing gel with a porphyrin 
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detection solution, followed by exposure to film (or other 
suitable detection means) so as to detect the bands. 
Alternatively, separated labeled polynucleotides produced by 
the sequencing reactions may be transferred to a solid support 
membrane in order to expedite detection of the sequence 
information. 

The present invention also provides for methods of 
detecting porphyrin labeled polynucleotides that do not 
require a hybridization step. For example, in some 
embodiments of the invention, the detection method may be 
applied to the detection of a porphyrin labeled polynucleotide 
that is not hybridized to a target polynucleotide of interest, 
e.g. when a porphyrin labeled polynucleotide molecular weight 
size marker is used there is no need to perform a 
hybridization step . 

When the porphyrin detection reagent is oxidized in a 
chemiluminescent reaction, the light produced by the reaction 
catalyzed by the porphyrin moieties on the labeled 
polynucleotide may be detected by a variety of means well 
known to the person of ordinary skill in the art. Suitable 
light detection means include photographic films, charge 
coupled devices, chemiluminometers , and the like. The amount 
of light produced by the chemiluminescent reaction may be 
measured quantitatively or qualitatively. Similarly, the 
amount of the product of a colorimetric reaction may be 
measured quantitatively or qualitatively by various well known 
instruments and techniques . 

Another aspect of the invention is to provide kits for 
synthesizing porphyrin labeled polynucleotides using the 
method of the invention. The kits of the invention provide 
one or more of the compounds of the invention and one or more 
other reagents for use in performing the subject labeling 
methods. Kits may contain the subject compounds and reagents 
in pre-measured amounts so as to ensure both precision and 
accuracy when performing the subject methods. Kits may also 
contain instructions for performing the methods of the 
invention. Kits of the invention may typically contain one or 
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more of the following items: porphyrin labeled nucleotides of 
the invention, unlabeled nucleotides {including mixtures of 
dATP, dCTP, dGTP and TTP) , enzymes for catalyzing the 
polymerization of nucleotides (including the Klenow fragment 
of DNA polymerase I, Taq DNA polymerase, Pfu DNA polymerase, 
terminal transferase, and the like) buffers, porphyrin- labeled 
size markers, porphyrin detection reagents (including 
luminol) and the like. 

Similarly, the invention provides kits for detecting 
polynucleotides of interest using porphyrin labeled 
polynucleotides as hybridization probes. The kits of the 
invention provide one or more of the porphyrin labeled 
polynucleotides and one or more other reagents for use in 
performing the subject polynucleotide detection methods. Kits 
may contain the compounds of the invention and reagents in 
pre-measured amounts so as to ensure both precision and 
accuracy when performing the subject methods. Kits may also 
contain instructions for performing the methods of the 
invention. Kits of the invention typically contain one or 
more of the following items: porphyrin labeled polynucleotides 
of the invention, porphyrin detection reagents (including 
luminol) , polynucleotide hybridization reagents, 
polynucleotide immobilization membranes, and the like. 

The invention having been described above, the following 
examples are offered in order to facilitate the understanding 
and practice of the invention. The following examples are not 
presented in order to limit the invention in any way, 

EXAMPLES 

Example 1 

Synthesis of amino- 4 -dUTP 

400 mg (l.l mmole) of 5- ( trif luoroacetyl-4amino- 
propynyl) -2 ' -deoxyuridine (Hobbs, F.W., J. Org. Chem, , 1989, 
5±, 3420-3422 or U.S. Patent 5,047,519) was dissolved in 30 ml 
of dry trimethylphosphate (TMP) , and treated with 314 jxL (3.3 
mmole) of POCl 3 and 474 mg (2.2 mmole) of 1,6-Jbis- 
dimethylamino-naphthalene . The reaction was stirred at -5 °C 
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under argon for 5 hours whereupon a cold (-10°C) solution of 
tributyl ammonium pyrophosphate (1.0 M, 4.2 ml) in TMP and tri- 
N-butylamine (2.5 ml) was added followed 15 minutes later by 
an addition of 50 ml of 0.5 M triethylammonium bicarbonate 
(TEAB) . The resulting crude material was loaded onto a DEAE 
Sepharose ion exchange column (4x4 0cm) and eluted with a 
linear gradient of 0.0 - 0.4M TEAB. Appropriate fractions 
were pooled, concentrated in vacuo, and treated with 200 ml of 
7M ammonium hydroxide at room temperature for 3 hours. The 
reaction contents were then evaporated to dryness and 
resuspended in deionized water. The nucleotide, m.s. ( FAB- ) 
520 (M-H*) , was of sufficient purity for subsequent coupling 
react ions . 

Example 2 

Synthesis of Fmoc- 6-aminocaproic acid, N- 
hvdroxvsuccinimidvl ester 

To a stirred suspension of 6-aminocaproic acid (13 mg, 

lOOmmole) in a mixture of 70 ml of lOOmM sodium bicarbonate 

and 200 ml acetonitrile was added N- (9- 

fluorenylmethoxycarbonyloxy) succinate (Fmoc-NHS, 5 g, 14 mmol, 
Aldrich) and the resulting suspension was stirred for two 
hours at room temperature. The reaction mixture was then 
evaporated to dryness, dissolved in dichloromethane and 
purified by silica gel column chromatography using 
dichloromethanej_methanol (10:1) to yield 5.34 g of Fmoc-6- 
aminocaproic acid . 

To 350 mg (1 mmol) of Fmoc- 6 -aminocaproic acid in 20 ml 
of DMF was added N-hydroxysuccinimide (230 mg, 2 mmol) and 
dicyclohexylcarbodiimide (412 mg, 2 mmol) in 10 ml of DMF . 
The solution was stirred overnight at room temperature and 
formed a gradual suspension. The mixture was concentrated in 
vacuo to a volume of 5 ml which was sufficiently pure for use 
in the following coupling step. 

Exaunpl 3 

Synthesis of Amino - 1 1 - dUTP 
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Amino-4-dUTP (lOOmg, lOO^mol) was dissolved in 0 . 1 M 
aqueous sodium borate (25 ml, pH 9) and combined with 5 ml of 
the Fmoc-aminocaproic acid N-hydroxysuccinimidyl ester, 
described in Example 2. The mixture was stirred for 6 hours 
at room temperature and centrifuged at 2000 X g for 5 minutes. 
The solid pellet containing Fmoc-protected nucleotide was 
treated with a mixture of morpholine and DMF (1:1, 100ml) at 
room temperature for 6 hours, evaporated to near dryness and 
isolated by preparative reverse phase HPLC, using a C-18 
column (7/im, 10 X 250 mm, Sherisorb) and 0 . 1M triethyammonium 
bicarbonate (TEAB) and 60% acetonitrile as solvents (called A 
and B , respectively) . At a flow rate of 3 ml per minute, the 
column was eluted for 10 min at 2.5% B, followed by a gradient 
(increased to 65% B over 50 minutes) . The desired product 
eluted from the column at a retention time of 20.4 minutes. 

Example 4 

Synthesis of Mn tefcraJcis (carboxyphenyl) porphyrin- 12 - 
dUTP 

Sulf o-N-hydroxysuccinimide (25 mg, 115 jzmol) and ethyl-3- 
(3-dimethylaminopropyl) carbodiimide (EDAC, 25 mg, 130 /imol) 
were added to 8 ml of 25 mM sodium phosphate buffer, pH 6. To 
this solution was added Mn te trakis (carboxyphenyl ) porphin 
chloride (6 mg, 6.8 jimol, Porphyrin Products, Logan, Utah) in 
4 . 5 ml DMF. The reaction was allowed to stir at room 
temperature for two hours whereupon one ml of an aqueous 
solution containing 5 mg of amino- 11 -dUTP (5 /imol) was added 
and the solution was allowed to stir at room temperature in 
the dark. The porphyrin nucleotide was isolated by 
preparative reverse-phase HPLC using 0.1M triethyammonium 
bicarbonate (A) and 60% acetonitrile (B) as solvents. The 
column (10 x 250 mm) was eluted for 10 min at 2.5% B, followed 
by a gradient (increased to 65% acetonitrile over 50 minutes) . 
The desired product had a retention time of 19.9 minutes. 
Fractions containing the product were combined, evaporated to 
dryness in vacuo, and coevaporated with aqueous ethanol (3 x 
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100 ml) to yield 1.3 mg of porphyrin labeled nucleotide (A< 70 = 
96,000) . 

Example 5 

Synthesis of Mn tris (sulf onatophenvl) 
carboxvphenvlporphvrin-12-dUTP (Method A) 

Sulfo-N-hydroxysuccinimide (25 mg, 115 jimol) and EDAC (25 

mg, 130 ^mol) were added to 8 ml of 25 mM sodium phosphate 

buffer, pH 6. To this solution was added Mn tris (sulf onato 

phenyl) carboxyphenylporphin chloride {6 mg, 6.8 fzmol, 

Porphyrin Products) in 4.5 ml DMF. The reaction was allowed 

to stir at room temperature for two hours whereupon one ml of 

an aqueous solution containing 5 mg of amino-ll-dUTP (5 fxmol t ) 

was added and the solution was allowed to stir for 24 hours at 

room temperature in the dark. Analytical HPLC analysis of the 

reaction mixture showed a new product with an elution time of 

30.7 minutes. The product, Mn tris (sulf onato phenyl) 

carboxyphenylporphyrin-12-dUTP, was isolated by reverse-phase 

HPLC by the method described in the Example 3. 

Example 6 

Synthesis of Mn trig (sulf onatophenyl ) carboxvphenyl 
porphyrin -N-hydroxysucc in imidyl ester 

Mn-monocarboxyphenyl - tris (sulf onatophenyl) porphin 

chloride (50 mg, 49 /imol , Porphyrin Products) was dissolved in 

10 ml of dry pyridine and cooled to 0°C in an ice bath. A 

mixture of N-hydroxysuccinimide (11.4 mg, 0.1 mmol) and 

dicyclohexylcarbodiimide (20.6 mg, 0.1 mmol) in 1 ml of 

pyridine was added and the solution stirred at 0°C for 4 

hours. The course of the reaction was monitored by analytical 

reverse phase HPLC (4.6 X 250 mm C-18 column at a flow rate of 

1 ml/min) under the same gradient conditions described in 

Example 3. After 10 days the reaction contents were removed 

under vacuum and stored in the dark with exclusion of 

moisture. The product was sufficiently pure for use in 

subsequent coupling reactions. 
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Example 7 

Synthesis of Mn tri s ( bu! fonatophenvl ) carbo xvphanvl 
porphyrin- 6 -aminocaproic acid, N-hvdroxvguccinimldyl 
ester 

The residue from example 6 was dissolved in 2 ml of DMF, 
and added to a stirring solution of 27 mg {200 /imol) of 6- 
aminocaproic acid in 0 . 1M sodium borate, pH9 . The solution 
was stirred for 2.5 hours at room temperature and isolated by 
preparative HPLC as described in example 3 . The product 
eluted at a retention time of 29 minutes, m.s. (electrospray) : 
1063 (M-H*) . 

Example 8 

Synthesis of Mn trl a (sul fonatophenvl ) carboxyphenvl 
porphyrin- 12 -dUTP (Method B) 

The product from example 7 (50 mg) was dissolved in 10 ml 

of dry pyridine and combined with N-hydroxysuccinimide (NHS , 

11.4 mg, 100 ^mol ) and the resulting solution was cooled to 

0°C in an ice bath. Dicyclohexylcarbodiimide (DCC, 20.6 mg, 

100 /xmol) in 1 ml of dry pyridine was added and the reaction 

contents were stirred for 5 hours at 0°C whereupon additional 

NHS (11.4 mg) and DCC (21 mg) were added. After stirring for 

4 0 hours, the contents were evaporated to dryness, dissolved 

in 2 ml of DMF and combined with 40 mg (40 /imol) of amino-4- 

dUTP in 6 ml of 100 mM sodium borate buffer, pH 9, and the 

contents stirred overnight at room temperature. The desired 

product was isolated by preparative HPLC to yield 15.4 mg of 

nucleotide which was identical to the product obtained by 

method A (Example 5) as determined by HPLC analysis and 

functional assays, e.g. polymerase catalyzed primer extension 

assay (Example 17) . 

Example 9 

Synthesis of Mn te Era ki a (carboxyphenvl) porphyrin -4- 
dUTP 

Sulf o-N^hydroxysuccinimide (8 mg, 38 mmol) was dissolved 
in 4 ml of 25 mM aqueous sodium phosphate, pH 6 . 0 and combined 
with 6 mg of Mn tetrakis (carboxyphenyl ) porphin chloride (6,8 
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/xmol, Porphyrin Products) in 4 ml of DMF and 25 mg of ethyl-3- 
13-dimethylaminopropyllcarbodiimide ( EDAC , 130 /imol) in 4 ml 
of the same sodium phosphate buffer. The reaction was stirred 
in the dark at room temperature for 1.5 hr and then added to a 
solution of amino-4-dUTP (5 mg, 5 /imol,) in one ml of sodium 
phosphate buffer. The solution was stirred for 16 hours at 
room temperature and isolated by preparative HPLC as described 
for the other porphyrin nucleotides. 

Example 10 

Synthesis of Mn triB (aulf onatophenvl-meso -15 -amino 
4, 7, 10 trioxatridecan- l-carboxamidophenvlporphyrin 

Mn tris (sulf onato phenyl ) carboxyphenylporphyr in chloride 

(30 mg, 30 fimol , Porphyrin Products) was dissolved in pyridine 

(15 ml, dried over 4A molecular sieves). To this solution was 

added N-hydroxysuccinimide (24 mg . , 210 ^mole) and 

dicyclohexylcarbodiimide (54 mg, 260 /imole) in 4 ml of dry 

pyridine and the solution was stirred at 0°C in the dark for 

one hour and kept in the refrigerator for 4 days. The solvent 

was removed under vacuum and the remaining product was 

dissolved in 5 ml of DMF and added dropwise to a stirring 

solution of 4, 7, 10- trioxatridecane-1 , 13-diamine (600 mg , 

2.7 mmole, BASF) in 25 ml of 100 mM aqueous sodium borate 

(pH9) . The reaction contents were stirred for one hour at 0°C 

and stored overnight at 5°C in the dark. The product was 

isolated by preparative reverse-phase HPLC using 0 . 1M 

triethyammoniurn bicarbonate (A) and 60V acetonitrile (B) as 

solvents. The column {10 X 250 mm, 7/xm) was eluted for 10 min 

at 2.5% B , followed by a gradient (up to 65% B over 50 

minutes) . Fractions containing the product were combined, 

evaporated to dryness in vacuo, and coevaporated with aqueous 

ethanol (3 X 100 ml) to yield 45 mg of porphyrin amine. MS 

(electrospray) : 1154 (M + H*) , 

1176 (M + Na*) , 1198 (M- H* 2Na*) . 
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Synthesis of Mn trig (sulfona to phenyl) -15- 
succin ovlgjaino 4, 7, 10 trioxatridecan-meso-1- 
carboxamidophenvlporphyrin 

The product from Example 10 (20 mg) in 10 ml of dry DMF 

was combined with succinic anhydride {50 mg, 0.5 mmole) . The 

reaction contents were stirred at room temperature for 18 

hours and the product was isolated by preparative HPLC as 

described in Example 10, above. MS (elect rospray) : 1252 (M- 

H + ) . 

Example 12 

Synthesis of Mn tris (sulf onato phenyl) -N- 
hvdroxyBuccinimidyl-15-succinoylamino 4, 7, 10 
tr ioxa tr idecan -roeso - 1 - carboxamidophenvlporphyrin 

The product from Example 11 (20 mg) was dissolved in 8 ml 

of dry pyridine and cooled to 0°C in an ice bath. To the 

stirred solution was added N- hydroxys ucc in imide (24 mg, 210 

mol) and dicyclohexylcarbodiimide (50 mg, 250 jxmol ) in 2 ml of 

dry pyridine. The solution was stirred at 0°C for six hours 

and stored at 4°C for three days whereupon the solution was 

evaporated to dryness. The product was suitable for use in 

subsequent coupling reactions. 

Example 13 

Synthesis of tris ( sulf onato phenyl) -carboxyphenvl 
porphyrin- 24 -dUTP 

The product from Example 11 was dissolved in 2 ml of dry 

DMF and combined with 20 mg (21 jimole) of amino-4 dUTP in 6 ml 

of aqueous sodium borate (lOOmM, pH 9) and stirred at room 

temperature for 24 hours. The nucleotide product was purified 

using an analytical HPLC column (S/irC-18, 4.6 X 250 mm) at a 

flow rate of 1 ml per minute using the same buffers and 

gradient profile described previously. The appropriate HPLC 

fractions were pooled, evaporated to dryness and coevaporated 

several times with ethanol to decompose the excess TEAB salts. 
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ample 14 

Synthesis of meso- tria (sulfonato phenyl) - 
carboxyphenvlporphyrln- 12 *ddUTP 

The product from example 7 (10 mg) was dissolved in 8 ml of 

pyridine and cooled to 0°C degrees. 6 mg of N- 

hydroxysuccinirnide (NHS) and 12 mg of DCC were combined in 

2 ml of pyridine and subsequently added to the 

porphyrincaproic acid solution. The mixture was stored in the 
refrigerator for 2 days whereupon DCC and NHS were again 
added, as before. After an additional day of reaction, 12 mg 
of NHS and 24 mg of DCC were added and allowed to react for an 
additional 24 hours. The reaction contents were then 
evaporated to dryness, dissolved in 1.2 ml of dry DMF and 
added with stirring to a solution of 17 mg of 5 -aminopropynyl - 
2', 3 ' -dideoxyUTP (Hobbs, F.W. J. Org. Chem. 54, 3420-3422 
(1989)) in 4 ml of 0.1 M aqueous sodium borate (0.1M, pH 9). 
The coupling reaction was allowed to proceed for 18 hours at 
room temperature after which the dideoxy nucleotide product 
was isolated by reversed phase HPLC following the isolation 
procedure described in Example 13. 

Example 15 

Synthesis of meso- trig (sulfonatophenyl) - 
c arboxvpheny lporphyr in - 2 4 - ddUTP 

The meso- tris (sulf onato phenyl) -carboxyphenyl porphyrin- 

24-dd-UTP was synthesized following the procedure for the 

synthesis of the corresponding deoxynucleotide (Example 13) 

substituting aminopropynyl -ddUTP (amino-4 -ddUTP, Hobbs , F.W. 

J, Pro. Chem. 54, 3420-3422 (1989)), for amino-4dUTP. 

Isolation and purification procedures were similar to those 

described in Example 13. 

Example 16 

Measurement of Incorporation Of Porphyrin- 12 -dUTP in 
Randomly Primed Synthesis 

Method l: Linearized pBluescript DNA was labeled using 

random nonamers, unmodified nucleotides, 3 H dCTP, and various 

ratios of TTP/porphyrin- 12 -dUTP . Template DNA (pBluescript 
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DNA linearized with Xhol, lOng) and random nonamers (6.8/ig) 
were combined/ denatured by boiling for 5 minutes and allowed 
to cool to room temperature. To each reaction was added Tris 
buffer <pH 7.5), MgCl 2 and dithiothreitol (to final 
concentrations of 35 mM, 5 mM and 1 mM, respectively) . 
Nucleotide mixtures were added (each at a final concentration 
of 20 /iM) containing dATP, dGTP, dCTP (including 1 /iL of 0.1 
mCi/ml 3 H dCTP) and various mixtures of porphyrin -dUTP and TTP 
(in ratios of 0:100, 25:75, 50:50, 75:25, and 100:0, 
respectively) . Exonuclease free Klenow polymerase (5U) was 
added and the mixtures were incubated at 37°C for 10 minutes. 
Aliquots (4 ^L) were spotted onto DE 81 discs, dried under a 
heat lamp for 15 minutes, washed in 2X SSC (6X3 minutes) , 
washed in cold ethanol (1 minute) , and the relative 
radioactive levels were determined in comparison with unwashed 
controls by scintillation counting. Reactions were performed 
in triplicate. 

Incorporation levels of 3 H dCTP were highest in those 
reactions where porphyrin - dUTP : TTP ratios were 25:75 and 50:50 
and were equivalent to the (maximal) incorporation levels 
observed in those samples where no porphyrin dUTP was included 
(porphyrin-dUTP:TTP = 0:100). Incorporation levels of the 
samples containing 75:25 (porphyrin -dUTP : TTP) were observed to 
be about 70% of maximal . 

Example 17 

Primer Extension As save Using Porphyrin 12-dUTP 

The -20 primer (M13) was end labeled with 32 P ATP and T4 
polynucleotide kinase, annealed to a complementary 80-mer 
template, extended in the presence of nucleotides (including 
porphyrin- 12 -dUTP) and various polymerases and the results 
were analyzed by 10 V PAGE. The enzymes tested included, among 
others: Taq™, Pfu m and exonuclease free Pfu, Vent™, 
Sequenase™, and exonuclease free Klenow DNA polymerases . 
Primers were kinased using 32 P ATP (10 mCI/ml, DuPont/NEN) and 
polynucleotide kinase (as described in Sambrook et al . , 
Molecular Cloning Manual. 2nd edition , 10.59 - 10.66). 
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Aliquots (10 ng) of 5' -labeled primers were combined with 
lOOng of complementary 80-mer template, 10 /*M solutions (each) 
of dATP, dCTP and dGTP, 20 jiM porphyrin-12-dUTP, and the 
reaction buffer appropriate for each polymerase. The 
reactions were heated briefly to 90°C, slowly cooled to 
reaction temperature, and 5 units of polymerase were added. 
The reactions containing Sequenase w and exonuclease free 
Klenow were allowed to react at 37°C for 15 minutes. All 
other incubations were at 72 °C. The reactions were terminated 
by addition of 3 /iL of a solution containing 95% formamide, 
0.1% bromophenyl blue, 0.2 M EDTA and aliquots were loaded 
onto a 10% acrylamide gel and electrophoresed for 3 hours at 
55 watts/2250 mV . Extensions were observed in reactions using 
each of the enzymes. Some full length extension was observed 
for all enzymes except Vent T " polymerase. Optimal extensions 
were observed with Taq DNA polymerase and exonuclease free 
Pfu** DNA polymerase. 

Example 18 

Porphyrin incorporation into DNA via PCR 
Each PCR reaction (50 /xL, final volume) contained 5 fih 
Taq DNA polymerase reaction buffer, 20 ng of Bluescript KS+, 
125 ng each of M13 reverse and -20 primers, 7.5 ptL of lmM each 
of dGTP, dATP and dCTP, 4.5 fih of lmM TTP, and 5^L of 600 jM 
porphyrin- 12 -dUTP. Taq DNA polymerase (5U) was added to each 
reaction. Reactions were heated as follows: 95°C for 45 
seconds, 50°C for 90 seconds and 72°C for 90 seconds, repeated 
for 30 cycles. Negative control reactions were run which 
contained 5/iL of 600 porphyrin -dUTP but no Taq polymerase, 
in order to check for background signal due to nonspecific 
intercalation of the porphyrin -dUTP into the control DNA. The 
full length PCR products were purified by loading the reaction 
mixture (50 ^iL) atop a column containing 2 ml of Bio Gel P60, 
eluting with a low salt buffer (15mM NaCl and 15 mM Tris 
buffer, pH 7.5), and collecting the effluent into 125/xL 
fractions. Aliquots from each column were loaded onto a 1% 
agarose gel, electrophoret ically separated at 90mA for one 
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hour and visualized after staining with ethidium bromide. The 
gel was then briefly treated with 0.25M HC1 (3 minutes), 1 . 5M 
NaCl-0.5M NaOH (3 minutes) and then 0.1M Tris pH 7.5 - 1.5M 
NaCl (3 minutes) , and transferred onto Pall Biodyne (N+) 
membrane via capillary techniques. The nucleic acid 
components were immobilized onto the membrane using UV light, 
using a Stratalinker 1 " UV crosslinker (Stratagene, La Jolla, 
CA) , on the autocrosslink setting. The membrane was then 
washed in deionized water for 1 minute, dried, sprayed with a 
detection buffer consisting of 5 mM luminol , 1* linoleic acid 
and 0 . 1M (aqueous) NaOH, pH13 covered with clear plastic wrap 
and immediately exposed to film. 

Film exposure was performed for 5 minutes. No 
chemiluminescent signal was detected from bands of DNA made in 
the absence of the porphyrin label or in the absence of Taq 
DNA polymerase, but chemiluminescent signal was detected in 
the PCR products made in the presence of porphyrin-dUTP . 

Example 19 

Detection of Porphyrin- Labeled DNA 

The porphyrin detection solution was made as follows: 
Luminol (270 mg, 1.5 mmole, Aldfich) was added to 300 ml of 
0.1 M aq NaOH. Additional base (6N NaOH) was added until 
complete dissolution of luminol. Linoleic acid (3.3 g, 11.8 
mmole, Aldrich) was then added and the mixture was shaken to 
dissolve the linoleic acid. Additional 6 N NaOH was added to 
bring the solution to pH 13. 

Enhanced porphyrin detection solutions were made by one 
of the following methods: (a) The luminol buffer from above 
(unenhanced) was cooled to 0°C and product obtained by heating 
solid potassium permanganate was bubbled into the solution for 
5 minutes with stirring. Alternatively (b) , to 50 ml of the 
unenhanced luminol buffer (above) was added 5 mg, (32 /imole) 
of potassium permanganate. The enhanced buffers were used in 
the detection of serial dilutions of porphyrin-labeled DNA 
probe (dot blots) and showed a sensitivity of at least 10 fold 
higher than the unenhanced solutions. 
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The detection solutions were used to detect PGR 
amplification products described in Example 18. 

Example 20 

Porphyrin Labelled DNA Probes in Southern 
Hybridizations 

1 , Probe Labeling 

200ng aliquots of pBluescript DNA linearized with Xhol 
were labeled with porphyrin- 12 -dUTP by random priming as 
follows: 200ng template DNA were denatured by boiling for 5 
minutes with 6.75pg random nonamer primers in a total volume 
of 39/xL. The reaction tube was placed on ice and 10/iL of 5X 
nucleotide buffer (100 /iM each dATP , dCTP, dGTP, and either 
100/iM porphyrin- 12 -dUTP or 90 porphyrin- 12 -dUTP and 10 
TTP in 175mM Tris pH 7.5, 25mM MgCl 2 ) and lOu of exonuclease 
free Klenow polymerase were added. The mixture was incubated 
at 37°C for 1 hour and the reaction was terminated with 15mM 
EDTA. Probe fragments were purified from unincorporated 
nucleotides using a BioGel P60 drip column equilibrated with 
25 mM Tris-HCl, pH 7.5, 25mM NaCl . The reaction mixture 
(50/iL) was loaded onto a 2 ml column and 4 X 340 /-iL aliquots 
of equilibration buffer were added. The eluted fractions were 
collected separately and assayed for porphyrin activity by 
spotting IjiL aliquots onto Pall Biodyne Plus nylon membrane, 
crosslinking with the Stratagene UV crosslinker and submerging 
briefly in 5 mM luminol, 1.1% linoleic acid, pH 13.0 before 
exposing to X-ray film for 15 minutes. The spotted aliquot 
from fraction 2 produced the greatest signal and this fraction 
was used as the source of porphyrin probe polynucleotide in 
the subsequent hybridization experiments. 

2 . Hybridization of Probe to Target DNA 

Dilutions of target pBluescript DNA (lOng, lng, 500pg, 
lOOpg, 50pg and lOpg) were denatured by boiling, spotted onto 
Biodyne Plus membrane, and immobilized by UV light 
(Stratalinker 1 *, autocrosslink setting) . Aliquots of salmon 
sperm DNA (Ijxg and 100 ng) were similarly immobilized on the 
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membrane which was then prehybridized in 1.5X SSPE, 3* SDS, 
10* PEG for 30 minutes at 68°C. Porphyrin labeled probe was 
denatured by boiling for 5 minutes, added to the 
prehybridization buffer at a final concentration of 300ng 
starting template per ml of hybridization buffer and the 
resulting mixture was allowed to hybridize overnight at 68 °C. 
The membranes were washed in 0.1X SSC/0.1* SDS at room 
temperature for 15 minutes and twice {15 minutes each) at 60°C 
with the same buffer. The membranes were rinsed in TBS (50 mM 
Tris-HCl pH 7.5, 150 mM NaCl) at room temperature twice for 5 
minutes each time. The luminol solution (described in Example 
19) was spread carefully over the surface of each membrane. 
Excess luminol solution was blotted from the membrane which 
was then covered with plastic wrap and exposed to X-ray film. 

Signal was obtained from the pBluescript DNA spots in all 
cases but not from the control salmon sperm DNA spots. After 
a 30 minute exposure to film, probe made with 100* porphyrin 
nucleotide substitution (no TTP in the reaction buffer) 
allowed detection of at least 50 pg of target pBluescript DNA 
while probe made with 90% porphyrin (with 10* TTP in the 
reaction buffer) allowed detection of at least 10 pg of target 
DNA . 

Example 21 

Porphyrin Labelled DNA Markers 

DNA size markers (Lambda Hind III digest, 2 jxg) were 
labeled using Taq polymerase (5U) in 10 /*L of 5X nucleotide 
buffer (100 jiM each dATP, dCTP, dGTP, and 90 porphyrin-12 - 
dUTP and 10 /xM TTP in 25 mM Tris HCl pH7.5, lOOmM KC1 buffer) . 
The mixture was incubated at 60°C for 10 minutes; the tube 
condensate was spun down by a brief centrif ugation and the 
reaction was again heated at 60°C for 10 minutes. The 
reaction mixture was ethanol-precipitated, and the precipitate 
was suspended in 50 tiL of water and purified using a P60 drip 
column as described in Example 20. The eluted fractions which 
gave a positive chemiluminescent signal (assayed as described 
in Example 20, above) were pooled, electrophoresed on a 0.8* 
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agarose gel and stained with ethidium bromide. The gel was 
then transferred onto a Pall Biodyne Plus nylon membrane. The 
membrane was irradiated with UV light (using a Stratalinker on 
the autocrosslink setting) , washed in deionized water for l 
minute, dried, sprayed with the luminol detection buffer 
(described above) and immediately exposed to film. After a 5 
minute exposure, a ladder of porphyrin labeled DNA size 
markers was observed that was identical to that observed after 
staining with ethidium bromide. 

Example 22 

Chain Termination 

The porphyrin dideoxynucleot ide (porphyrin- 12 -ddUTP) was 
tested for utility as a chain terminator in the following 
manner : 

800 ng(4/iL) of M-13 DNA was chain terminated by following 
the Sequenase m protocol using the universal -20 primer (10 ng) 
and the Sequenase™ buffer and labeling mixes (United States 
Biochemicals) . To demonstrate chain termination with 
porphyrin- 12 -ddUTP, termination mixes were made up with dGTP, 
dCTP and dATP (80 //M each) in 50 mM NaCl and ddTTP (8/zM, as a 
control) or porphyrin-12-ddUTP at a concentration of either 20 
/iM, 80 /iM, or 160 //M . Labeling and termination steps for all 
samples were carried out according to the manufacturer's 
protocol whereby a 33 P-dATP is incorporated during the labeling 
step. Samples were elect rophoresed on a 6% denaturing 
polyacrylamide gel. The sample containing 20jxM porphyrin-12- 
ddUTP showed a banding pattern similar to the control which 
contained no porphyrin- 12 -ddUTP . 

Incorporation bv Reference 

All patents, patents applications, and publications cited 
are incorporated herein by reference. 

Equivalents 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 
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invention. Indeed, various modifications of the above- 
described allow those skilled in the field of molecular 
biology or related fields to carry out the invention and are 
intended to be within the scope of the following claims. 
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CLAIMS 



What is claimed is: 

1. A compound having the formula: 
porphyrin -linker- base -sugar- (phos) n -0H, 
wherein n is 0 to 5, and 

phos is selected from the group consisting of phosphate, 
phosphorothioates, phosphonates , and structures represented by 
the formula 
X 



-Y-P- 



OH 



wherein X is 0 or S, 



and Y is selected from the group consisting of O, S, CH 2 -, 
CF 2 - and NH- . 

2. A compound according to Claim 1, wherein the sugar 
is selected from the group consisting of ribose, deoxyribose, 
2', 3' dideoxyribose # carbocyclic ribose analogs, acyclic 
analogs of ribose, and heterocyclic analogs of ribose. 

3. A compound according to claim 2, wherein the 
compound is a nucleotide, 

4. A compound according to Claim 3, wherein the base 
moiety is selected from the group consisting of adenine, 
thymine, uracil, guanine, cytosine, or functionally equivalent 
heterocyclic analogs thereof. 

5. A compound according to Claim 4, wherein said 
heterocyclic analog is selected from the group consisting of 
azapurines , azapyrimidines , deazapurines , deazapyr imidines , 
purine analogs containing oxygen heteroatoms, purine analogs 
containing sulfur heteroatoms, pyrimidine analogs containing 
oxygen heteroatoms, and pyrimidine analogs containing sulfur 
heteroatoms , 
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6. A compound according to Claim 2, wherein the linker 
backbone has a length of between 1 and 50 atoms. 



7. A compound according to claim 3 wherein the compound 
is selected from the group consisting of 
Mn- tetrakis (carboxyphenyl) porphyrin- 12 -dUTP, 
Mn-tris (sulf onatophenyl) -carboxyphenylporphyrin- 12 -dUTP, 
Mn- 1 ris ( sulf onatophenyl ) -carboxyphenylporphyrin- 24 -dUTP , 
Mn-tris {sulf onatophenyl ) -carboxyphenylporphyrin - 12-ddUTP, 
Mn - tris ( sulf onatophenyl ) - carboxyphenylporphyrin- 24 -ddUTP, and 
Mn-tris (sulf onatophenyl) - carboxyphenylporphyrin- 12 -dCTP . 



8. A porphyrin labeled polynucleotide having a 
structure comprising a moiety having the formula of a compound 
according to Claim 1. 



9 . A porphyrin labeled polynucleotide having a 
structure comprising a moiety having a structure according to 
Claim 2. 



10. A porphyrin labeled polynucleotide having a 
structure comprising a moiety having a structure according to 
Claim 3 . 



11. A porphyrin labeled polynucleotide having a 
structure comprising a moiety having a structure according to 
Claim 4 . 



12. A method of detecting a polynucleotide of interest, 
said method comprising mixing a porphyrin labeled 
polynucleotide according to claim 8 with a porphyrin detection 
reagent . 

13. A method of detecting a polynucleotide of interest, 
said method comprising the steps of 

a) mixing a porphyrin labeled polynucleotide 
according to claim 8 with a composition suspected of 
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containing the polynucleotide of interest wherein the 
porphyrin labeled polynucleotide has at least one region 
of sequence homologous* to the polynucleotide of interest, 
whereby duplexes are formed, 

(b) contacting the porphyrin labeled polynucleotide 
with a solution comprising a porphyrin detection reagent 
under conditions whereby a reaction product is formed, 

(c) detecting the reaction product. 

14. A method according to Claim 12, wherein the 
porphyrin detection reagent is a substrate in a 
chemiluminescent reaction . 

15. A method according to Claim 13, wherein the 
porphyrin detection reagent is a substrate in a 
chemiluminescent reaction . 

16. A method according to Claim 12, wherein the 
porphyrin detection reagent is a substrate in a colorimetric 
reaction . 

17. A method according to Claim 13, wherein the 
porphyrin detection reagent is a substrate in a colorimetric 
reaction . 

16. A method according to Claim 12, further comprising 
the step of adding at least one reagent capable of enhancing 
the detection of the reaction product. 

19. A method according to Claim 13, further comprising 
the step of adding at least one reagent capable of enhancing 
the detection of the reaction product. 

20. A method of detecting a polynucleotide of interest 
comprising the steps of 

a) hybridizing a polynucleotide primer to a 
polynucleotide sequence for detection, 
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b) admixing a porphyrin labeled nucleotide 
according to Claim 3, 

c) synthesizing' a porphyrin labeled 
polynucleotide, wherein synthesis is initiated from 
said primer, and 

d) detecting the porphyrin labeled polynucleotide. 

21. A method of detecting a polynucleotide of interest, 
said method comprising the steps of 

a) hybridizing a primer polynucleotide according to 
claim 8 to a polynucleotide sequence for detection, 

b) admixing a nucleotide, 

c) synthesizing a porphyrin labeled polynucleotide, 
wherein synthesis is initiated from said primer, 

d) detecting the porphyrin labeled polynucleotide. 

22. A method according to claim 21 wherein the 
nucleotide is a porphyrin labeled nucleotide. 

23. A kit for producing porphyrin labeled 
polynucleotides, said kit comprising a compound according to 
Claim 3, and an enzyme having polynucleotide polymerase 
activity . 

24. A kit for detecting a polynucleotide of interest, 
said kit comprising a polynucleotide according to Claim 8 and 
a porphyrin detection reagent. 
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